The San Francisco Bay Area (Bay Area) leads the United States and California in the rate of electric vehicle (EV) adoption. However, EVs only represent 3% of vehicles driving on Bay Area roads. Widespread EV adoption requires that all Bay Area residents participate in the EV revolution regardless of demographics or geography. Equitable access to EVs will ensure that all Bay Area residents benefit from improved air quality, lower fuel and maintenance costs, and a better driving experience. Below, we delve into the unique EV market in the Bay Area and present information and insights from the Bay Area Air Quality Management District's (Air District) EV programs.
Introduction
In addition to alternative transit modes that include walking, biking, mass transit, and shared transportation, wide-scale adoption of EVs and electrification of all types of transportation are essential to achieving local, state, and federal emissions reduction targets for greenhouse gases and criteria air pollutants. Transportation is the largest source of greenhouse gas (GHG) emissions in the Bay Area, accounting for nearly 40% of all GHG emissions [1] . Indirectly, the transportation sector generates emissions from Bay Area oil refineries that produce the fuels that power our vehicles. For this reason, the Air District has supported the development of the EV market as a means of complementing our permitting and enforcement work to reduce air emissions that harm human health.
Despite the Bay Area's impressive EV adoption and charging installation rates (see data in the Results section below), the region must accelerate these trends to meet our goals and lead the state and the nation toward a zero-emission future. The Air District's programs focus on moving the EV market beyond early adopters, making EVs accessible to all Bay Area residents, and raising awareness of the benefits of driving electric.
Studies have examined the maturation of and current barriers within the EV market across the United States and abroad, but this paper presents the unique characteristics of the Bay Area EV market and articulates the Air District's identified niche in removing those barriers and accelerating EV adoption [2] .
Materials and Methods
The first phase of the Air District's process for accelerating EV adoption was to develop datasets on the baseline market conditions within our jurisdiction, including population, pollution sources, registered vehicles, and available charging infrastructure in the nine Bay Area counties. 2 of 7 Population is easily measured through the Census Bureau's America Community Survey, which found that the Bay Area is home to approximately 7.6 million people [3] . Staff used registration data from the California Department of Motor Vehicles (DMV) to estimate that the Bay Area has roughly 5.3 million light-duty vehicles [4] , with an additional 600,000 vehicles passing daily through the region from adjacent areas [5] . Additionally, three-quarters of Bay Area residents drive to work (64% drive alone and 10% carpool) and 12% take transit to work [5] .
Next, Air District staff used data from the California Air Resources Board's Mobile Source Emissions Inventory (EMFAC2014) to calculate that tailpipe emissions from light duty vehicles account for approximately 28% of greenhouse gas emissions (CO 2 e) and a significant portion of other pollutants (31% of carbon monoxide and 12% of nitrogen oxide) in the Bay Area [6] .
The Air District analyzed a dataset from the DMV to determine the number of electric vehicles (i.e., battery electric vehicles (BEV), plug-in hybrid vehicles (PHEV) and hydrogen fuel cell electric vehicles (FCEV)) registered in the nine counties that make up our jurisdiction. This was then compared to the number of conventional light-duty vehicles registered in each Bay Area zip code to identify regions with the highest percentage of EVs vis a vis the entire vehicle fleet (see Results section below).
To assess the current EV charging infrastructure available in the Bay Area, staff used data from the Alternative Fuels Data Center [7] . These data were mapped to show the availability of public charging, or lack thereof (see Results section below). This dataset is based on self-reported information, and therefore, does not present a holistic view of all available charging. As the EV industry matures and more complete datasets become readily available, methodologies and analyses can be conducted to ensure that our plans consider nearly all charging infrastructure locations.
Results

Electric Vehicles in the Bay Area
When thinking about the results of our analyses, it is helpful to put them in the context of our ambitious EV adoption goals. In 2017, the Air District set a target of reaching 90% zero-emission vehicles on the road by 2050 (which is likely to be roughly 5 million vehicles). In 2018, California set a goal of 5 million zero-emission vehicles on the road by 2030. The Bay Area and California also share the goal of cutting GHG emissions to 80% below 1990 levels by 2050. Rapid growth in the EV market will be essential to achieving our GHG emission reduction goals.
Registration data from the DMV show that at the end of 2018, the Bay Area had almost 190,000 EVs, representing 3% of the region's vehicle fleet of roughly 5.3 million cars. BEVs make up the majority of EVs registered in the Bay Area, with over 60% of the market share; PHEVs make up 39%, and FCEVs account for less than 1% ( Figure 1 ) [8] .
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EV Charging in the Bay Area
As of July 2019, there are roughly 1600 public charging locations with 7100 individual ports in the Bay Area (Figure 4 ) [7] . Of those publicly available ports, the vast majority are Level 2 charging ports (87%), and a smaller portion (11%) are DC Fast charging ports [7] . 
As of July 2019, there are roughly 1600 public charging locations with 7100 individual ports in the Bay Area (Figure 4 ) [7] . Of those publicly available ports, the vast majority are Level 2 charging ports (87%), and a smaller portion (11%) are DC Fast charging ports [7] . The Air District recognizes that additional charging stations will be needed to accommodate future growth in the EV market, especially to achieve the ambitious Bay Area goals and to accommodate a wider range of Bay Area residents. The National Renewable Energy Laboratory (NREL) and California Energy Commission (CEC) developed a model, Electric Vehicle Infrastructure Projection (EVI-Pro), which uses the results of a state-wide transportation habits survey to quantify the amount of charging infrastructure required to meet the needs of future EV drivers. This analysis attempts to account for shifting vehicle and charger technologies, user demographics, market adoption conditions, and travel and charging preferences [10] .
According to EVI-Pro, the Bay Area should have 20,000 public charging ports by the end of 2019 to meet the current driver demand. This estimate is broken down by charger type and location, recommending 9100 workplace L2, 8400 public L2 and 3300 DC Fast. To stay on track with our goals, the Bay Area is estimated to need about 40,000 public charging ports by 2025, (17,000 workplace L2, 17,000 public L2 and 6000 DC Fast). Given gaps in data availability for semi-public charging at workplaces and other "gated" locations, it is difficult to state how our current charging supply compares to the EVI-Pro projection. However, using the statistics from the Alternative Fuels Data Center presented above, we are roughly thirteen thousand ports shy of meeting this goal.
Widespread charging infrastructure will be key to overcoming current and future barriers to electric vehicle adoption. An individual or household's need for public charging infrastructure is related to home type, with drivers in single-family homes being much more likely to have home charging than those in apartments or multi-unit dwellings. Electric vehicle owners, so far, tend to live in single-family homes [10] . To extend the EV market beyond those living in single-family homes, we will have to expand charging available at multi-unit dwellings and along transportation corridors. In the Bay Area, over one-third (36%) of housing units are in multi-unit dwellings [11] . Installing The Air District recognizes that additional charging stations will be needed to accommodate future growth in the EV market, especially to achieve the ambitious Bay Area goals and to accommodate a wider range of Bay Area residents. The National Renewable Energy Laboratory (NREL) and California Energy Commission (CEC) developed a model, Electric Vehicle Infrastructure Projection (EVI-Pro), which uses the results of a state-wide transportation habits survey to quantify the amount of charging infrastructure required to meet the needs of future EV drivers. This analysis attempts to account for shifting vehicle and charger technologies, user demographics, market adoption conditions, and travel and charging preferences [10] .
Widespread charging infrastructure will be key to overcoming current and future barriers to electric vehicle adoption. An individual or household's need for public charging infrastructure is related to home type, with drivers in single-family homes being much more likely to have home charging than those in apartments or multi-unit dwellings. Electric vehicle owners, so far, tend to live in single-family homes [10]. To extend the EV market beyond those living in single-family homes, we will have to expand charging available at multi-unit dwellings and along transportation corridors. In the Bay Area, over one-third (36%) of housing units are in multi-unit dwellings [11] . Installing charging infrastructure has been more challenging for multi-family housing, requiring away-from-home charging options for a significant portion of the Bay Area population. The need for drivers to take longer-distance trips and with a wide range of transportation patterns also requires public charging. While it is difficult to estimate how far behind we are in providing adequate charging for our current and future EV drivers, it is safe to say that we need more public charging across the Bay Area.
Discussion
Public Incentives to Expand from Early Adopters to Early Majority Adopters
With the first introduction of commercially available light-duty EVs in 2010, the Air District began programs to monitor the EV market and increase EV adoption in the Bay Area. Since 2010, the Air District's Board of Directors has awarded over $19 million through incentive programs to target the identified barriers to EV adoption. The Air District's efforts have included development and implementation of region-wide EV plans, outreach and awareness activities, and direct financial incentives. To date, the Air District has awarded projects that support more than 1500 passenger electric vehicles, 4400 publicly available Level 2 and DC fast chargers, and over 1400 residential chargers.
Moving forward, the Air District intends to target our light-duty EV programs to communities where EV adoption is quite low, specifically, low-income communities and areas with a high proportion of multi-unit dwellings. The follow two sections outline two such programs that we have started to implement with this new framing in mind.
Equitable Access to Electric Vehicles
The programs and policies the Air District has implemented to date have focused on getting the Bay Area EV market started. As a result of several market shifts and the incentives offered by local, regional, state and federal governments, the EV market in the Bay Area has seen a massive expansion in recent years, as demonstrated by the growth in EV sales, infrastructure, and the availability of clean vehicle options for consumers. At the same time, our EV adoption goals are ambitious: over the next 30 years, Bay Area EVs will need to grow from 3% to 90% of the region's fleet. Using a common framework to describe the innovation adoption cycle (innovators, early adopters, early majority, late majority and laggards), we are in the early adopter phase, which tends to include users with greater financial means than the average consumer. The early majority, late majority, and laggards, which represent most consumers, include individuals with more skepticism, stronger resistance to change, or less financial fluidity. With the diversity of geographic, socioeconomic, and transportation needs here in the Bay Area, we also need to be sure that technology transitions do not leave behind or further harm specific Bay Area communities.
Equitable access to EVs ensures that all Bay Area residents can benefit from lower fuel and maintenance costs as well as an improved driving experience. This is the goal of the Air District's new Clean Cars for All Program, which provides qualifying low-income residents up to $11,500 for scrapping an older vehicle and switching to a clean transportation option. Participants have the option to purchase or lease new and used hybrid vehicles, PHEVs, BEVs, or receive a transportation card for transit and car-sharing. The incentive funding is based on participants' income levels and which clean transportation or vehicle option they select. The program includes stakeholder engagement and outreach to impacted communities, case managers to support participants through the application process, and partnerships with dealerships, vehicle scrappers, and community organizations around the Bay Area.
EV Outreach and Education
For the reasons presented above, current and future Air District outreach and education efforts will include actions that focus on influencing residents that may be more resistant or less able to participate in the EV market-shifting focus from early adopters to majority adopters. This will require a larger emphasis on education, as evidenced by the results of a recent study that found that despite a near doubling in the number of EV models in California between 2014 and 2017, fewer survey respondents were able to name an EV for sale in 2017 than in 2014 [12] . The study concluded that California consumers are not actively avoiding EVs, but that they are simply unaware of EVs.
In addition to broad outreach related to EVs, the Air District is also interested in better understanding the underlying sentiments that form key barriers to EV adoption for majority adopters. To help us in this effort, the Air District is working with a consultant to develop surveys and focus groups for consumers and businesses in the Bay Area. This market research will help us understand what policies and incentives can move the market beyond early adopters. We are focusing this work on six key sectors of the EV market: apartment residents, low-income households, fleet managers, ride hailing drivers, property owners, and dealership sales personnel. We hope to collect a representative sample of responses from around the Bay Area and summarize local and county level data to share with our partners, with the aim of guiding more strategic and targeted outreach work at all levels of government.
The market research work will help the Air District update our policies and programs to better address the economic and psychological barriers to EV adoption and infrastructure expansion. The Air District will also use the survey and focus group data to develop new, tailored outreach programs and materials, and share them with our partners ( Figure 5 ).
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